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Abstract The foramen spinosum is an easily identifiable
landmark in microsurgery of the middle cranial fossa, and
knowledge of the variations in its relationship to the
surrounding neurovascular structures is important when
operating in this area. We studied the anatomical relation-
ship of the foramen spinosum to the foramen ovale, the
mandibular branch of the trigeminal nerve, the greater
superficial petrosal nerve, and the petrous part of the
internal carotid artery in 12 cadaver heads. We also tried to
define an external landmark for early identification of the
location of the foramen spinosum in ten dry skulls. We
found considerable variations in the anatomy around the
foramen spinosum. This knowledge may improve the iden-
tification and preservation of the neurovascular structures
when using approaches to the middle cranial fossa.
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Introduction
The foramen spinosum (FS) was first described by the
anatomist Jakob Benignus Winslow in the 18th century [8].
Because of its close relationship to the small downward-
projecting spinous process of the greater wing of the
sphenoid bone lying posteriorly to it, he called it the
foramen spinosum. But the correct nomenclature should be
foramen spinae, as “spinosum” means multiple thorns [8,
22]. Interestingly, the FS was not always confined to the
sphenoid bone during the course of human evolution [3]. In
earlier species, it is found in the squamous part of the
temporal bone or on the sphenosquamosal suture, or it is
absent [3]. It is therefore believed that during human
evolution, the ossification of the posterior border of the
greater wing of the sphenoid progressively developed
around the middle meningeal artery [3].
Although the FS is an easily identifiable surgical
landmark and has a close relationship to important neuro-
vascular structures, its microsurgical anatomy has not been
studied in detail. Neural structures like the trigeminal or
greater superficial petrosal nerve may be distorted or
invaded by tumor, making their identification during
surgery difficult. An improved knowledge about the FS
and its relationship to surrounding structures may help
not only for middle fossa approaches, but also in trauma
surgery when the foramen sometimes has to be explored in
order to get proper hemostasis. In this study, we examined
the relationship of the FS to the foramen ovale, the
mandibular nerve (V3), the greater superficial petrosal
nerve (GSPN), and the petrous carotid artery, and tried
to define a craniometric point to identify the location of
the FS.
Materials and methods
The anatomy of the FS in relation to the surrounding
structures was studied under ×3 to ×40 magnifications in 12
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formalin-fixed or fresh cadaver heads (24 sides). The
arteries and veins were perfused with colored silicone.
The dissection was done in a stepwise fashion from lateral
to medial planes. The temporal dura propria was peeled
from the middle fossa floor and the lateral wall of the
cavernous sinus. The middle meningeal artery was cut at
the exit of the FS and the dura further dissected from the
roots of the trigeminal nerve and Meckel’s Cave toward
the petrous apex, taking care not to injure the GSPN. In the
next step, the bone around the petrous carotid artery was
drilled to expose its course along the entire length of the
GSPN. The following measurements were then taken with a
caliper: the diameter of the middle meningeal artery at its
exit from the FS, and the distances from the middle of the
FS to V3, the GSPN, and the petrous carotid artery in 90°
angles. We also measured the distances to the closest border
of the foramen ovale (FO) and to the entrance of the GSPN
in the facial hiatus (Figs. 1 and 2). Digital photographs
were then taken of all specimens at a view perpendicular to
the middle fossa. The pictures were printed, and the angles
between V3 and the GSPN and between the petrous carotid
artery and GSPN were measured (Figs. 1 and 2).
To define an external landmark for the FS, ten dry skulls
were examined (20 sides). The distance from the FS to the
external margin of the zygomatic arch was measured along
a line at a 90˚ angle to the tabula interna of the squamous
Fig. 1 Schematic illustration of Fig. 2 showing the measured
distances and angles. A Distance measured from the foramen
spinosum to: (1) the foramen ovale; (2) the mandibular branch of
the trigeminal nerve (V3); (3) the middle of the petrous carotid artery
(PC); (4) the greater superficial petrosal nerve (GSPN); (5) the
entrance of the GSPN in the facial hiatus. BA basilar artery, CA carotid
artery, ON optic nerve, SPS superior petrosal sinus, IV trochlear nerve,
V1, V2, V3 branches of the trigeminal nerve, VI abducens nerve. B
Angles measured between the PC (a) and the GSPN (b) and the lateral
border of V3 (c). c cochlea, FS foramen spinosum, GG geniculate
ganglion, M malleus, TTM tensor tympani muscle
Fig. 2 A Distance measured from the foramen spinosum to: (1) the
foramen ovale; (2) the mandibular branch of the trigeminal nerve (V3);
(3) the middle of the petrous carotid artery (PC); (4) the greater
superficial petrosal nerve (GSPN); (5) the entrance of the GSPN in the
facial hiatus. BA basilar artery, CA carotid artery, ON optic nerve, SCA
superior cerebellar artery, SPS superior petrosal sinus, IV trochlear
nerve, V1, V2, V3, branches of the trigeminal nerve, VI abducens
nerve. B Angles measured between the PC (a) and the GSPN (b) and
the lateral border of V3 (c). c cochlea, FS foramen spinosum, GG
geniculate ganglion, M malleus, TTM tensor tympani muscle
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temporal bone and from this point to the anterior border of
the external auditory canal (Fig. 3).
Results
The following measurements were obtained: the diameter
of the middle meningeal artery—median 1 mm (range 0.5–
2 mm); the distance from the FS to the GSPN—median
7.75 mm (range 4.5–9 mm); the distance from the FS to the
petrous carotid artery—median 7.25 mm (range 5–11 mm);
the distance from the FS to V3—median 4 mm (range 2–
8 mm); the distance from the FS to the FO—median
4.75 mm (range 2–7.5 mm); and the distance from the FS to
the facial hiatus—median 12 mm (range 9–17 mm). The
median angle between the GSPN and V3 was 113° (range
81–131°) and between the GSPN and the petrous carotid
artery 7° (range 0–179°; Table 1).
Measurements taken on the dry skulls revealed the
following distances: the FS to the lateral aspect of the
zygomatic arch—median 28 mm (range 23–33 mm), and
the zygomatic arch to the external auditory meatus—mean
13 mm (range 10–21 mm; Table 2).
Discussion
The foramen spinosum (FS), through which passes the
middle meningeal artery, the middle meningeal veins, which
anastomose with the venous plexus of the foramen ovale or
sinus cavernosus, and a recurrent branch of the mandibular
nerve (nervus spinosus), is an important landmark for middle
cranial fossa surgery. As mentioned, its name came from the
spinous process of the greater wing of the sphenoid bone.
This process, called the styliform process in the 18th century,
has the anatomical term spina angularis sphenoidei, which is
nowadays reduced to “spinous process” or “spine of the
sphenoid” [24]. In humans, the size of the FS varies greatly,
and one can find attached the sphenomandibular ligament, a
remnant of the first branchial arch cartilage [9]. The FS may
perforate the process at its apex or medial aspect, which is the
reason the name canalis spinosus was also proposed [24].
However, the FS can also be located medial to the process.
The FS is located antero-medially to the mandibular fossa,
Table 1 Different distances measured in relation to the foramen
spinosum
N=24 Median (mm) Range (mm)
Diameter MMA 1 0.5–2
Distance to GSPN 7.75 4.5–9
Distance to PCA 7.25 5–11
Distance to V3 4 2–8
Distance to FO 4.75 2–7.5
Distance to FH 12 9–17
Median (degree) Range (degree)
Angle GSPN and V3 113 81–131
Angle GSPN and PCA 7 0–179
MM middle meningeal artery, GSPN greater superficial petrosal nerve,
PCA petrous carotid artery, V3 mandibular nerve, FO foramen ovale,
FH facial hiatus
Table 2 Distances measured for determination of an external
landmark for the FS
N=20 Median (mm) Range (mm)
Distance to ZA 28 23–33
Distance ZA to EAM 13 10–21
ZA = Zygomatic arch
EAM = External auditory meatus
Fig. 3 A Distance measured between the foramen spinosum and the
external margin of the zygomatic arch along a line perpendicular to
the tabula interna of the squamous temporal bone. B Distance
measured from the point of the external margin of the zygomatic arch
obtained from Fig. 2a (blue line) and the anterior border of the
external auditory meatus
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or postero-laterally to the FO [12] (Fig. 4). It is usually oval
or round in shape and has a diameter of 1–4.3 mm (average
2 mm) [1, 12, 13]. The rate of asymmetry of >1.5 mm or
1 mm is 1% and 2%, respectively [1, 13]. It is unilaterally
absent in 0.4–1% of cases [1, 2, 10, 13, 16], rarely absent
on both sides [21], and can be duplicated [6, 7, 13]. These
variations may be important for the vascular supply of the
dura as the middle meningeal artery in these cases may
enter through the foramen ovale, or through the superior
orbital fissure as a branch of the sphenomaxillary portion of
the maxillary artery [14]. The middle meningeal artery can
also arise from the ophthalmic artery, the lacrimal artery, or
from the petrous (stapedial origin), cavernous, or supra-
clinoid portion of the internal carotid artery [14, 15, 16, 21].
Normally, the FS is separated from the foramen ovale, as
we observed, but the distance can vary considerably.
Incomplete separation occurs unilaterally in 1.6–2% and
bilaterally in 1% of cases [1, 6, 11]. Incomplete formation
of the FS is common [4, 6, 24]. Medial wall defects with
communication with the sphenopetrosal fissure have been
reported in up to 26.8% [6].
The eustachian tube, covered by bone, runs just posterior
to the FS and parallel to the petrous carotid artery. Superior
(72%), anterior (20%), and posterior (8%) to the eustachian
tube lies the tensor tympani muscle [5, 18]. As is the case
with the geniculate ganglion or the petrous carotid artery, the
tensor tympani muscle is not always covered by bone [17–
19, 20]. Variable ossification over the GSPN and geniculate
ganglion may explain the difference in distance between the
FS and the facial hiatus reported by others, who found a
range of 6–13 mm [23]. Our range was 9–17 mm. The GSPN
runs parallel to the petrous carotid artery [18]. This was the
case in only 21% of specimens in our series. In 46%, the
GSPN crossed the petrous carotid artery from medial to
lateral directions. In relation to the FS, the GSPN was more
lateral than the petrous carotid artery in 50% of specimens,
at the same distance in 12.5%, and more medial in 37.5%.
These variations should be kept in mind when the petrous
carotid artery needs to be exposed during surgery. The angle
of the GSPN with V3 also showed considerable variation.
We tried to define external landmarks for the FS but
found a great variation in distances in relation to the anterior
border of the external auditory meatus and the zygomatic
arch. Lang measured the distance from the superior border of
the zygomatic arch in the middle of the tuberculum articulare
to the FS and found a mean distance of 31.5 cm (range 24–
39 cm) in adults [12]. These external landmarks may help
but cannot indicate the precise location of the FS.
Conclusion
Knowledge of the variations of anatomy around the
foramen spinosum may help to better identify and preserve
important neurovascular structures during approaches to the
middle fossa.
Fig. 4 A The superior aspect of the foramen spinosum. FL foramen
lacerum, FO foramen ovale, FS foramen spinosum, GGSPN groove of
greater superficial petrosal nerve, IAM internal acoustic meatus, SP
squamous part of the temporal bone, TI trigeminal impression. B
Lateral view showing the relationship with the zygomatic arch, the
mandibula and the external auditory canal. Red rubber band: entry
into the foramen spinosum. EAM external auditory meatus, M
mandibula, MP mastoid process, ZA zygomatic arch. C Inferior view
of the foramen spinosum. CC carotid canal, FL foramen lacerum, FO
foramen ovale, FS foramen spinosum, MC mandibular condyle, SET
sulcus of Eustachian tube, SP spinous process. D Lateral view after
removal of the temporomandibular joint, revealing the spinous
process, and posterolateral to the entry of the middle meningeal artery
in the foramen spinosum. MF mandibular fossa, MMA middle
meningeal artery, LVPM levator veli palatini muscle, V3 mandibular
nerve
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Comments
Alessandro Ducati, Torino, Italy
This paper begins with an erudite definition of the so-called
“foramen spinosum” (FS); then it outlines the changes of FS during
phylogenesis in human evolution, together with the posterior part of
the sphenoid border. The main contribution is the report of the
distances of FS from other structures of the middle fossa, namely,
foramen ovale, V3, GSPN, intrapetrous carotid. I found this work
particularly useful because the anatomy of middle fossa, with its
variations, is the section of skull base surgery that is less familiar even
to skull base surgeons. Approaches as frontoorbitozygomatic, or retro-
transpetrosal, are more common and better known. Nevertheless, as
the authors mention, knowing in detail the anatomy of middle cranial
fossa may be critical even in simple traumatic cases (i.e., extradural
haematomas), let alone meningiomas or vascular tumors of the
temporal base or of the infratemporal space.
The review of the Literature is accurate, with excellent selection of
recent papers, and goes back to the early 1940s, even to anatomical
reports of the 1930s. The presentation of results is simple and
essential, exactly what surgeons would like to read.
The only limitation of this valuable paper is, in my opinion, the
lack of comparison between dissection measurements and neurora-
diological data. I would have appreciated very much if the authors had
given an idea of what, among these measurements, can be deduced
from an accurate examination of skull base CT; or, better, if the CT
measurements do correspond to anatomical findings obtained during
dissection. Finally, “tips and tricks” to identify and dissect GSPN
would have been helpful, since this is a structure that is both critical
for orientation in middle fossa and difficult to identify at a glance
during anatomical preparations or surgical procedures.
Dattatraya Muzumdar, Mumbai, India
The foramen spinosum is an important landmark in skull base
surgery especially the middle fossa and infratemporal fossa. The
middle meningeal artery is an important blood vessel, which can bleed
furiously in a traumatic temporal extradural hemorrhage and also in
vascular tumors involving the middle fossa base. Hence, understand-
ing the different variations of foramen spinosum in terms of size,
location, contents, and the temporal relationship to the surrounding
critical neurovascular structures becomes paramount for the practicing
skull base surgeon. There has been sparse literature on the subject, and
more research on the subject is needed.
During human evolution, there is a clear trend for the foramen
spinosum to be present and wholly located on the posterior area of the
sphenoid greater wing. From ontogenetic studies in humans, the
ossification of the posterior area of the sphenoid greater wing
progressively surrounded the middle meningeal artery (passing
through the foramen spinosum) and the small meningeal artery
(passing through the foramen ovale). The middle meningeal artery is
sometimes accompanied by a pair of dural sinuses throughout the
majority of its course, which pass caudally through the foramen
spinosum with the middle meningeal artery and diverge to form a
plexiform arrangement around the artery. Variations of the intracranial
venous sinuses are important to the surgeon during intraoperative
procedures and to the clinician during imaging interpretation. The
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rarely reported accessory venous sinus of Hyrt is approximately 5 mm
in width and travels from the sphenoparietal sinus anteriorly to the
veins, draining into the foramen spinosum (i.e., the middle meningeal
veins) posteriorly. The course of the lesser petrosal nerve has been
shown in textbooks to be parallel to the greater petrosal nerve.
The use of modern imaging technology including CT and MR
imaging is also helpful in identifying the anatomical variations of
foramen spinosum in clinical practice. Image-guided surgery and the
evaluation of ISG viewing wand for middle cranial fossa surgery has
the potential advantage in accurate identification of important
anatomic landmarks, even in the face of obscuring pathology.
Krayenbuhl et al. have studied the cadaveric anatomy in ten dry
skulls. They conclude that there are considerable variations in the
anatomy around the foramen spinosum and this in turn would improve
identification and preservation of neurovascular structures around it.
The authors have found marked variations in the distance around the
foramen spinosum in ten dry skulls. There will be different variables
according to population, race, gender, and genetic pool. Nevertheless,
the authors have made a head start, and I would consider it as a pilot
or a preliminary project and this should be studied in different regions
of the world and include a significant sample size enough to make a
powered study.
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